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1 INTRODUCTION 
The internet has brought new opportunities for small and large businesses to reach their 
customers and engage in new types of interactions (Cebi 2013, 1). A website can contrib-
ute to a company’s marketing and business strategies by increasing visibility and giving a 
place where customers can find information without spending much time or effort (Cebi 
2013, 2). According to Tao et al. (2013, 2), a good website has the potential to increase 
customer’s trust in the company, and it can be substantially more cost-effective than more 
traditional marketing campaigns. Additionally, a website can provide a company with a 
gateway to engage their customers with more active methods such as service subscrip-
tions and purchasing of products (Cebi 2013, 3). 
Doing business can become faster and easier for both companies and customers thanks 
to the development of web commerce and websites in general. Some customers make 
purchasing decisions quicker when they can skim through available products and select 
desired items from nearly any place they wanted, without having to visit a store or making 
phone calls. From a company’s perspective, web commerce can reduce operational costs 
and personnel (Weinman 2015, 95). This cost reduction can happen when a digital web 
store provides continuous service to customers regardless of opening times, or availability 
of a seller, also allowing companies operating in more niche and lower scale businesses 
to have a digital web store for their customers, when the sales volume would not justify 
renting physical premises and hiring additional personnel to accommodate transactions 
with customers.  
These days, digital marketing platforms, web stores, and websites have come a long way 
from being exclusive to desktop computers and limited to a certain number of people, 
even though it remains limited by people with access to the internet. According to Chaffey 
& Smith (2017, 4), there were already over three billion customers using online platforms 
in 2017. Businesses have a great opportunity to make use of this scale and its benefits to 
grow businesses and enter new markets, not only using the internet to sell their products 
and services to end customers but also to create new alliances and deals with traders and 
suppliers from remote places that would have been unimagined without the internet as a 
mean of communication (Chander 2013, 1). 
When designing new digital marketing platforms, we must consider the current context of 
digital usage and customers’ interests, as well as the upcoming trends and ways of utiliz-
ing digital services. As of now, mobile devices have surpassed traditional computers as a 
mean to access the internet, and therefore more people are likely to reach a website, or a 
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web-shop, through a device other than a desktop computer or a laptop (Chaffey & Smith 
2017, 5). 
However, some studies reveal that most eCommerce customers are still more likely to 
make purchasing decisions on a desktop computer or laptop (Coleman 2017). Users 
make use of mobile devices to skim and browse through available products and services. 
Understanding this behaviour is vital to design and deliver a modern and effective digital 
platform. In a few words, a successful digital marketing and eCommerce platform must be 
easy to use on mobile devices, especially made easy to navigate and find products, ser-
vices, opening hours, directions, and other information relevant to a company or organiza-
tion that a customer might require on-demand, while also being able to deliver good usa-
bility on a larger device, such as a laptop or tablet, creating a deeper connection with the 
customers and leaving a positive image of the company or organization that entrusts cus-
tomers to make purchase decisions. 
This study focuses on the development of new digital commerce possibilities for Compa-
nyX, a small business working in the field of fitness and wellbeing. 
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2 RESEARCH STUDY STRUCTURE  
2.1 Thesis objectives 
This study aims to explore the business and technical requirements of bringing the prod-
ucts and services of CompanyX to a digitalized platform which will enable the company to 
improve their service and product offering, quality, and reliability. The case looks at the 
implications of choosing the right tools and technologies for the company to position them-
selves in the digital marketplace by establishing its branding and meeting customer re-
quirements in a customized digital platform. 
The first part of this study focuses on defining the modern context of web interactions be-
tween companies and their customers. The objective is to provide a clear view of the con-
text of modern digital marketing and eBusiness, as well as set the main foundations for 
the requirements to be set in the following process of design and implementation of the 
online solution. 
The second part of the research focuses on determining the main requirements of a digital 
solution together with the client. The idea is to set up objectives and functionalities that we 
agree should be present when the solution is ready. These objectives include things such 
as: 
• Main functionalities: What can the user do with the website and what kind of infor-
mation is available to customers. 
• Look and feel: How do we present the information to customers, what kind of im-
pression the company wants to give, such as company logo, colours, and images. 
• Maintenance: How do system administrators interact with the solution to keep con-
tent up to date. 
 
The third part focuses on the project set-up from a software development standpoint. This 
includes finding the most suitable development environments, version control, tools to be 
utilized, and other commonly used paradigms related to web development, also briefly 
looking at the technical implementation and architectural design of the solution, observing 
the technologies used and design choices suitable for answering the main requirements 
set on the first stages of this study. 
 
The final section consists of the validation and assertion of previously set requirements. 
The objective is to ensure the solution contains the main functionalities and requisites dis-
cussed with the customer in the earlier stages of this study. 
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2.2 Research questions 
Within the context of contemporary eCommerce and digital marketing, and considering 
the use case of the proposed solution, as well as the requirements and usability features 
discussed with the customer, the main research question of this study is the following: 
• How to enable CompanyX to create new value within the digital market? 
 
To answer the main research question, the following questions supply additional insights 
towards this research: 
 
• What new services does CompanyX want to offer to their customers? 
• What type of digital solution can carry the features required by CompanyX to ena-
ble the desired digital transformation? 
• Which technologies are necessary to build the digital solution for CompanyX and 
what does it take to build the solution? 
 
To answer these questions the author will research through the available academic 
sources of the relevant topics, leverage the know-how learnt through university studies, 
and make use of their knowledge and professional expertise gained through real-life work 
experience. 
 
This study is based on empirical findings, documentation of practical and tangible results, 
and validation using both pieces of literature as well as modern software development val-
idation schemas. 
2.3 Limitations 
The main limitation of this work is that the solution is designed and tailored to a specific 
client and use case, which makes it unusable in other cases. However, the methodology 
used in this study can still be applied to other use cases as well as even to other indus-
tries. 
This study is also driven by the contemporary trends in digital services and software de-
velopment, and since these trends are likely to change and evolve at a considerable pace, 
the methodology used in this study is limited to this point of time, and it is not meant to be 
used as a future-proof method for these types of cases. 
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In the technical research of technologies and frameworks, the referenced materials and 
books should be considered outdated and only as a historical mention of how a number of 
these concepts used to function. Some of the web frameworks used in this study, such as 
React, change at such a fast pace that even a few years old publications may contain in-
formation that is nowadays considered deprecated or proven wrong after a short time. The 
recommendation for matters of real-life work is to seek information from official documen-
tation and community postings, to get the most up-to-date guidelines and have a better 
understanding of where are contemporary technologies heading towards.  
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3 DIGITAL SERVICES AND CUSTOMER INTERACTIONS 
3.1 A word on contemporary digital business and the impact of the internet in or-
ganizations 
Some studies in the early 2000s show the concern and the uncertainty of the potential im-
pact of the internet on customer relationships. As cited by Daekwan et al. (2005, 1), the 
internet can potentially have a not only positive impact in the marketplace but also nega-
tive and disruptive consequences (Kettinger et al. 1994 ). Commonly used methods of 
customer interaction, understanding customer needs and engaging customers in service 
interactions and service offering improvement would need to be reinvented to become ef-
fective in the digital world and on top of that not only offer an alternative to previous meth-
ods but also offer new value in a digitalized context (Day & Bens 2005, 2). 
Despite the uncertainties, it was believed that the internet would rather create new oppor-
tunities and enable organizations and companies to expand their lead and use digital ser-
vices as an addition to their existing customer service and marketing networks (Day & 
Bens 2005, 2). Similar reinventions had appeared in the past introducing new ways of 
reaching people over the distance such as the radio, telephones, and television, and the 
internet would become one of them as personal computers with internet access became 
more and more common in households. 
Nonetheless, as told by Day & Bens (2005, 8), internet and its capabilities are only tools 
and do not by themselves bring any competitive advantage or marketing benefit to a com-
pany or organization without first understanding the business context, the customers and 
the resources that the organization has available to invest in their digital platforming. One 
of the challenges that organizations had to face when entering the digital marketplace is 
the ability to synchronize all the different channels used for customer interactions and 
avoid having each channel exist as an independent department or service unaware of the 
other channels. The customer does not distinguish between these different channels but 
sees a company or a brand as one entity reachable using multiple methods (Day & Bens 
2005, 5). 
Most of the users of a digital service in the modern world are people who have been used 
to interacting with digital services and consider digital channels to be part of regular life 
(Perkin & Abraham 2017, 1). Digital services have been present long enough to have 
proven their benefits to both consumers and companies, and thus businesses not only 
from the technology sector are expected to engage in digital interactions to some degree. 
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The idea of digital transformation and digital adaptation is a concept that companies re-
search and develop on today more than ever before. However, digital transformation is 
not only about a company or organization investing in their technology infrastructure, 
cloud computing, modern website and so forth, but it is just as important to understand the 
business processes, strategy and customer behaviour related to the digital marketplace 
and its users (Perkin & Abraham 2017, 3).   
Companies and organizations must face multiple challenges to find their spot in the digital 
marketplace and be able to achieve positive results. Some of these challenges also reflect 
parts of the organization’s cultural values and ideas and can lead to potential loss in the 
journey towards a more digitalized business model. Some of these challenges are:  
• Need to update older IT systems and infrastructure that can cause difficulty in 
adapting newer systems and technologies (Perkin & Abraham 2017, 34). It is a 
common theme with medium to large companies that have adopted data digitaliza-
tion earlier in the century that the growth of this data has kept the tools and plat-
forms stuck on their original legacy systems, making their update and change to a 
newer infrastructure costly and time-consuming, thus keeping some organizations 
from updating them. 
• Finding suitable processes to create a digital strategy that takes into consideration 
different levels of benefits and caveats, judging all dimensions that affect the busi-
ness (Weinman 2015, 68) . 
• Avoid focusing on the needs of digitalization in small or short-term objectives. In 
most cases, it would be more beneficial for the organization to plan their digitaliza-
tion looking at future possible scenarios and think of the situation after the new dig-
ital offering has reached their target market (Perkin & Abraham 2017, 34). An alter-
native to this is for an organization to employ an agile and adaptive approach to 
digitalization, understanding that short-term investments may only have a small yet 
positive impact, and that continuous delivery of digital services may be needed to 
maintain a digital status (Perkin & Abraham 2017, 35). 
•  Cultural and behavioural structures that get in the way of digitalization, especially 
in some older companies or organizations founded before the rise of digital busi-
ness and marketing. Some of these organizations have achieved stability and 
growth with their original business models and strategies and may fail to see the 
potential or the need to invest in digitalization (Perkin & Abraham 2017, 34). 
• Limited resources to utilize in digitalization, and especially if the planned digitaliza-
tion roadmap includes a larger investment than what the organization can afford. 
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Defining the start point for digitalization 
According to Perkin & Abraham (2017, 139), digitalization should first focus on the people 
and customers first and foremost, to understand the needs and enable the organization to 
react and answer with a solution that fits in the market context and answers the desires of 
the customers. However, McKeown & Durkin (2016, XIV) argue that the first step in digi-
talization is to look at the organization itself and understand its business ambition and 
strategies before exploring the context outside the inner structures of the organization. 
Both approaches can be used to determine the first steps in taking an organization into a 
digitalized stance, yet their differences can lead to distinct results after the implementation 
of digital solutions. Depending on the use case and the state of the organization’s busi-
ness in the planning phase, either approach can lead to a successful outcome. 
 
In some cases, an organization is looking at improving its digital offering and updating ser-
vices that customers consume using digital platforms. For these cases, a people-first ap-
proach is often used as a primary method for the planning of new digital services. With 
this approach, an organization can make use of their previously built digital services and 
produce improvements upon them by making user research and studying the feedback 
and needs of users. This strategy is often more cost-effective compared to rebuilding all 
digital services at once, making it the most used method in most organizations that seek 
to minimize risk (Perkin & Abraham 2017, 81). 
 
CompanyX has had minor incursions in the digital segment, which include a website built 
in the early 2000s and occasional marketing campaigns as well as informational posts 
through social networks. The current website, however, is so outdated that I would take a 
larger effort to fix it rather than building a new one from scratch. Additionally, the company 
itself, business strategies, and company branding have changed in a way that the current 
website would not be able to connect to their customers. 
 
For these reasons, the desired approach focuses on the business and company branding, 
with the purpose of not only improving the previous digital offering but creating new ser-
vices and digital relationships with their customers. 
3.2 Using a digital service to find new customers 
CompanyX works in the business of fitness and wellbeing. Their services are provided in-
place offering gym machines, multi-sport courts, massage, solarium, refreshments, and 
gear reselling. This area of business can be considered to have a large user volume, 
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since most people engage in fitness activities and seek for these types of services, how-
ever, the geographical factor lowers the maximum number of possible customers consid-
erably because most people would not travel long distances to acquire these services, es-
pecially considering that competitors in other geographical areas offer similar services 
(McKeown & Durkin 2016, 42). With these aspects taken into consideration, we can con-
clude that the design should take into consideration local aspects of the customers living 
in the Lahti area of Southern Finland, use familiar terms and visuals, and utilize this 
knowledge to create a branding image that relates to the customer segment.  
An important aspect to be considered towards establishing new customer relationships is 
to optimize the website for search engine performance. The main concept to understand 
when looking at optimizing a website for search engine performance is that when using a 
search engine, we are not searching directly from “the internet”, but instead we search 
through the engine’s index of the internet. The search engine then can decide what to 
show on the search results page based on how much valuable information and keywords 
can find from the content of the website (Ledford 2007, 60). In this project, the focus will 
be on optimizing the website following Google’s guidelines for optimization. 
Ideally, this new digital platform would help CompanyX to shift the business focus mainly 
centred in their services and products, to a more customer-centred approach where parts 
of the business are developed based on the customers’ needs and expectations (Fader 
2012, 42). 
3.3 Service evolution through the web 
Perkin & Abraham (2017, 254) discuss the change in the scene of the world’s most valua-
ble companies, and how these have changed constantly into technology companies, argu-
ing that businesses from all sectors should be able to adapt to the trends of digitalization. 
This constant evolution in the digital market comes together with challenges to companies 
from all sizes, as they need to reinvent strategies and processes that may have been 
working just fine up to this point, but that might become a new disadvantage in the future if 
not adjusted to the newer norm. 
Changes in the availability of digital services have also changed the way businesses com-
pete, as well as their ability to quickly react to competition. An example of this agility and 
adaptation has been seen after the impact of the COVID-19 pandemic, where service 
companies have quickly shifted their business towards the selling of products, such as 
hand disinfectants, to survive the situation. This adaptation is only possible thanks to the 
internet and its features.  
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4 RESEARCH AND DATA ANALYSIS 
4.1 Main sources of data collection 
The design process carried out in this study is based on the results of research performed 
together with the client. The research seeks to understand the position of CompanyX in 
the digital marketplace, as well as align the results of the study together with CompanyX’s 
vision of their digital services. 
The primary data collected comes from the interview questions found in the appendices of 
this study, answered by the company’s CEO, and discussed with other members of the 
management. Additionally, former field knowledge from the author was used as a consul-
tation to complete the study. Qualitative analysis is carried out to provide better insights 
into this company’s specific case and business challenges, as well as to generate useful 
data for a design starting point. 
4.2 Data analysis 
The current digital brand of CompanyX is mostly active through social media channels. 
The current website only allows to edit the texts shown in there, which is good for showing 
information such as exceptional opening hours and other special announcements. The 
current website does not show correctly on mobile devices, creating a risk where some 
new potential customers might leave the page immediately if they open it first on a mobile 
device. Additionally, colours and logos do not follow the company’s branding. 
CompanyX has seen a business impact coming from competitors, leading to the conclu-
sion that there must be investment done in the areas where CompanyX is weaker, and as 
noted by the company’s CEO, web services are one of them. The current website was 
originally purchased in the early 2000s and has not seen any significant updates since its 
original release. 
The interview offered a good chance to also investigate the more specific features that 
CompanyX expects from a new website, like the ability to sell products online and get bet-
ter insights on how many people use their services. 
Based on the data from the interviews and observations it was possible to draw a clearer 
view of the company’s business situation and the impact of the current digital services and 
branding. CompanyX has been potentially losing new customers and sales due to the out-
dated website. The website is only capable of delivering minimum features but does not 
reflect the company’s branding nor its service mission. On top of that, the current website 
14 
is slow to update and does not provide an option to sell products or services directly. The 
main reasons behind the ageing of their website have been the lack of knowledge and 
awareness of the digital marketplace as a tool for marketing and sales, together with the 
lack of time and suitable people to lead a renovation of these services. 
One key finding from these interviews is that CompanyX does not have specific personnel 
dedicated to marketing and/or website administration, but instead these tasks are usually 
taken by whoever has the time to do it, and the company is not yet thinking of hiring peo-
ple for these specific tasks. This practice can lead to inconsistent marketing and most im-
portantly means that the new website should take into consideration that the administra-
tors are not marketing professionals. 
Limited understanding of digital marketing and its impact also makes it harder for Compa-
nyX to see the potential and justify the investment in a new digital platform, making the 
available resources limited and not in high priority. This led to most of the technical hello 
choices to utilize open-source software instead of purchasing other paid services. 
The information provided by these interviews was important to determine the main fea-
tures and requirements of the solution as well as the scope of it. Moreover, conversations 
with CompanyX also helped them understand better the implications of digital services 
and guided them towards prioritizing digitalization In their business strategies and market-
ing.  
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5 DESIGN 
5.1 Choosing the appropriate architecture for the main website 
5.1.1 Traditional website structure 
Despite the constant evolution in web technologies and hardware, most websites keep fol-
lowing similar design approaches when it comes to displaying content to the user, usage 
of links, and structure of the content distributed to multiple sub-pages that belong to the 
main webpage. 
This structure has been in use since the early days of web usage and we still see it as of 
today, it is common to see hierarchical paths in websites people regularly visit, and most 
users would be able to recognise in Figure 1, that the current page is a sub-page of the 
main web address, and that by removing “info” from the address, we would get to the 
website’s main page as shown in Figure 2.  
 
 
Figure 1 Example of a content web page 
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Figure 2 Example of a front-page 
 
This design principle works well in cases where there are large amounts of content that 
need to be categorized. For example, on a university website, there may be multiple areas 
of study, each with multiple study programmes that belong to the main area. In this case, 
it would be most suitable to have separate pages for each study programme and build 
paths according to this structure having first the main address of the website, followed by 
the area of study and finally the study programme. 
5.1.2 Simplified structure 
A different approach to the previously discussed Multi-page application is to implement a 
website using a methodology called a Single Page Application (SPA). These applications 
allow the content of a web application to be fetched and displayed dynamically on a 
browser by leveraging JavaScript’s functionalities. 
JavaScript is capable of not only interacting with a webpage’s HTML document but can 
also utilize the web browser’s capabilities to send HTTP requests and fetch data after a 
page has already been loaded on the screen. Fetched data can have different types of at-
tributes that JavaScript can use to dynamically change the content of the page event after 
the initial load. The JavaScript application running in the client’s browser can contain more 
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visual elements and components than what is shown at once, and thus it can quickly react 
to the user’s interactions with the website and modify the elements on the screen. 
According to Melnik (2020), SPAs have worse search engine optimization (SEO) when 
compared to the more traditional multi-page application due to their dynamic nature, that 
is, content is not directly rendered on the request to the server, but instead the page’s 
content is rendered by the JavaScript engine in the client’s browser (Melnik 2020). Search 
engines’ web crawlers usually index pages by saving their HTML documents directly ob-
tained by requesting pages to their servers, in case of SPAs, server returns an empty 
HMTL document and a JavaScript file, the latter is capable of independently requesting 
data from a server and building the HTML document afterwards with the collected data. 
Nonetheless, as seen in recent years and in line with Gore (2018), modern web crawlers 
can run the JavaScript requests and execute JavaScript code, allowing them to wait for 
the content to be available and properly indexed. This means that a SPA can be indexed 
and can appear in the search results page when using a search engine (Gore 2018). 
However, SPAs perform worse than their multi-page application counterpart, due to the 
search engine having to wait for the content to become available thus making the process 
slower and more inefficient as opposed to the web requests delivering the complete HTML 
document with the webpage’s content (Gore 2018). 
5.2 Website requirements 
The main requirements for the website were discussed with the client, as the main idea 
was to agree on specs and what things are technically possible. The main priorities for the 
design were: 
• Simplicity in design: Keeping the on-screen elements to a minimum to avoid giving 
too much information at once, making it easier to navigate through the website, 
and find relevant information such as price lists, opening hours, and others. 
• Consistency in design: Ensure that there all the colours used in the website are 
configured to all elements alike, making elements like texts and borders have the 
same colours in the whole website. Similarly, ensure that margins, paddings, font 
size, and other aesthetical elements have been configured consistently, for exam-
ple, titles and paragraphs should have the same separation. 
• Mobile compatibility: The design should take into consideration that a considerable 
number of users are going to visit the website using a mobile device (Chaffey & 
Smith 2017, 5). In practice, it means the design will allow elements of the screen to 
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shrink and/or stack on top of each other to preserve readability in a vertical orien-
tation. 
• Quick navigation: The website is designed as a Single Page Application (SPA) 
which means that the user only needs to wait once for the page to load its con-
tents. The application can fetch the rest of the elements in the background and 
without the need for the browser to load a page, making the user experience more 
fluent. 
 
In a few words, the website is a single, scrollable site with a navigation bar on top. This 
menu bar contains links that allow the user to navigate quickly between sections within the 
site.  
5.3 Design mock-ups 
The start-point for the design of the website is to look at usability, its main characteristics, 
and how to incorporate them into the design of the website according to the expectations 
of the customers and what is technically possible to build.  
The main concept behind the usability of a web service is simple: As Nielsen describes 
(2012) when an online service is hard to use, users will likely not come back after their 
first visit. This on its own tells how important usability is for the survival of a web service in 
the digital marketplace.  
This design aims to create a website that has good usability, by showing the user the right 
information at the right time and avoiding issues where a user might not find what they 
need when visiting the website. An important aspect of this matter is to identify the fea-
tures that the service wants to provide to customers. Main features are: 
• Display relevant information regarding the company, their services, pricing and 
opening hours 
• Allow users to make time reservations through the website 
• Allow users to use the website on different devices, especially smartphones and 
tablets 
• Inform users of exceptional offers and opening hours 
 
Usability will become visible when users get to use these features and evaluate how easy 
it was to find what they were looking for. Only after the users interact with these features, 
we will be able to determine if the website is useful (Nielsen 2012). 
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To work on improving usability, one of the main actions would be to study the users and 
their behaviour with the actual platform in use. However, in this research, this method is 
out of scope since the final solution is not yet being used by end-users. Regardless, there 
are other methods through which it is possible to get a better idea of a usable website, like 
looking at other websites form competitors and assessing their usability, taking the good 
and the bad as examples of what should and should not be done. Besides, sticking to a 
well-established frontend style framework can set the basis for a responsive and accessi-
ble website layout. 
Once the main design concepts have been discussed with the client, the next step is to 
create mock-ups that will visually represent the layout of the website. A mock-up will con-
tain the positioning of buttons, text, images, and other elements present in the website. 
The idea is to give the client a hint on how the final website will look and feel and have the 
opportunity to make adjustments before larger work is done. 
5.3.1 Frontpage and navigation bar 
The front page of a website works as the main point of entry for most users (Nielsen 
2002). Unlike a traditional website, where every internal link goes to a page within the 
website, a SPA brings the whole site into one scrollable piece of content. 
Navigation bar 
One of the first concerns with this approach was about how to avoid the user from getting 
lost within the content of the page while scrolling down and needing to go back to another 
section. To solve this query, a study was executed to choose the most suitable solution for 
this use case. 
The Bootstrap framework (see chapter 9) has a set of examples of different visual compo-
nents and UI elements that can be used when building an application with that framework. 
It also contains a set of navigation bar examples that were used to measure suitability with 
this use case (some of the examples were edited and more content was added, to allow 
scrolling) 
• Navbars example: It contains several examples of a navigation bar, each with dif-
ferent responsiveness settings. These demonstrate on which screen size the navi-
gation bar changes from desktop to mobile styling. Bootstrap’s default responsive 
navigation bar properties were chosen since there are no specific reasons to 
choose a smaller or a larger pixel count for the responsive breakpoints 
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• Navbar static: In this example, the navigation bar stays at the very top of the appli-
cation and it disappears as the user scrolls down the window. This example got 
criticism because it would create situations where a user would need to scroll back 
up whenever wanting to use the navigation bar. The suggestion also considered 
the usage of a separate “scroll back to top” button, which would allow the user to 
get back to the navigation quicker by only clicking on that button. The idea was still 
dismissed as it seemed like a solution to a problem that should not be there in the 
first place. 
• Navbar fixed: This example shows a navigation bar that is fixed to the top of the 
viewport, as opposed to the top of the HTML document. This property allows the 
navigation bar to stay visible even when the user scrolls down through the website. 
This alternative was selected finally because it allows the page to grow larger with 
content in a vertical orientation, but it makes it possible to navigate quickly to other 
parts of the site no matter where the user is at. 
 
Design philosophy 
A Flat Design consists mostly of minimizing text and images down to only the most im-
portant elements while keeping colours simple and consistent. This means avoiding clut-
tering the website with excessive use of shadows, gradients, animations, and other dis-
tracting elements, keeping the user’s attention on the relevant pieces of information found 
on the website (Pratas 2014, 20). 
One of the most requested features was to have a large background picture immediately 
on the front page of the site together with the company logo. Large pictures can have 
sometimes a negative impact on websites: They can have large file sizes, slowing down 
the performance of the website overall, and they can be too invasive when trying to have 
a flatter design overall. 
The design mock-up shown in Figure 3 aims to keep the design of the front page simple 
and flat while bringing the company logo to the front and allowing a background picture to 
be placed and cover the whole background. The background is set to have a grey overlay, 
which flattens the colours in the picture itself and allows the text areas to preserve con-
trast and remain visible and readable (Pratas 2014, 21). 
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Figure 3 Frontpage mock-up 
5.3.2 Company information 
This section contains the most content-rich part of the website. It consists of a large head-
ing, a subheading, a paragraph, and a split image-paragraph section. Additionally, the de-
sign also includes a social media widget, placed on the right side below the second para-
graph (see Figure 4). 
This section is shown immediately after scrolling down from the front page, and its pur-
pose is to give information on the company and its services cleanly and concisely, trying 
to keep text to a minimum, so that all of the section’s contents fit in one large or medium 
screen, and keeps scrolling to a minimum in smaller screens. 
The main heading of this section brings the attention of the user to the most relevant key-
words related to the company and its services, while also being the main heading for 
search engines. 
The subheading works as a place for short company’s branding, such as a slogan or simi-
lar phrase meant to give a more personal touch to the reader. 
The following paragraph is meant to carry a motivational and invitational message to the 
reader, encouraging them to engage with the company and its services. Hence the posi-
tioning between the main heading portion and the rest of the section. 
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The split view section (see Figure 4), which contains pictures, text paragraphs, and a 
widget. On the left side, the images are small and show the company’s premises from the 
outside. The first paragraph on the right contains more specific information on the com-
pany, who are they, what they do, and together with the picture on the side, the objective 
is to deliver a more intimate idea of the company, showing its core values and a few men-
tions on their services. 
Another requested feature was to have live social media updates directly on the website. 
This way special promotions and announcements can be published through the social me-
dia service Facebook, and they would become immediately visible on the website. The 
Facebook widget is placed directly underneath the company information text. 
 
 
Figure 4 Company information section mock-up 
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5.3.3 Opening hours and reservations 
This section uses a more traditional table for organising information displayed on the 
screen. The objective is to make opening hours easy to find and readable, having mini-
mum clutter on screen and ensuring texts and contrasts are optimal. 
The bottom part after the table (see Figure 5) contains an embedded document referring 
to an external service. The company uses a third-party application to allow the customer 
to make time reservations online. As discussed with the client, it would be ideal to allow 
customers to purchase time slots directly in the main website without the need of following 
a link to an external website. The solution to this problem was to embed the time reserva-
tion application in a container inside the main webpage. 
 
Figure 5 Opening hours and time reservation positioning mock-up 
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5.3.4 Services 
This section has a simple layout containing a large title with a background picture, and a 
set of a title, paragraph, and picture for each service needed to be displayed. The main 
idea of this section is to keep texts to a minimum and choose the pictures carefully to 
show the premises available for use. This design choice is to allow users to quickly scroll 
through the website and get most of the necessary information visually from the pictures, 
so users do not need to spend much time reading. Paragraphs should contain only the 
most critical information and keywords used mostly for accessibility and search engine op-
timization. 
  
Figure 6 Services section mock-up 
5.3.5 Additional service page 
This section re-utilizes the layout shown in Figure 4 Company information section mock-
up, apart from adding a title with a background picture on the upper part. This additional 
service needs a larger information block since it is directed to a more specific group of 
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customers, and some users might come to this page for the only purpose of reading this 
section. 
 
Figure 7 Additional service section mock-up 
5.3.6 Price list 
As shown in Figure 8, this section reuses the element with a title and a background pic-
ture (used also as a separator between sections when scrolling through the website). The 
information in this section should be clean and easy to read while retaining its layout 
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within the tables. On a large screen, the tables are shown as in figure 4 side-by-side, 
whereas in a smaller device the tables shift places and stack on top of one another. 
 
Figure 8 Pricelist section mock-up 
5.3.7 Contact information & footer 
Finally, this section contains the company’s contact information together with an embed-
ded map element showing the real address. Elements are set to change form a side-by-
side alignment to a stack if viewed on a small screen. 
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Figure 9 Contact information and footer mock-up  
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6 ENVIRONMENTS 
6.1 Version control and development environment 
6.1.1 Git version control 
A great challenge in software development is how to keep track of changes made to 
source code and how to pack these changes into versions, especially when a codebase is 
being simultaneously edited by teams with many people. To account for this problem in 
software development a plethora of different tools has been developed throughout the 
years, one of them named Git, which is used as part of this research. 
Git is a version control system that allows teams to work in software development simulta-
neously while being able to record changes made together by the team (Narebski 2016, 
2). Each developer gets to work on their isolated code base (called a branch), while Git 
takes care of looking for the differences between the developer’s codebase and the origi-
nal codebase (traditionally called a master branch). Git then takes the changes made in a 
developer’s branch and merges them to the master branch creating what is called a com-
mit: A set of changes made to the master branch that contains information about what 
was changed, when and by whom (Narebski 2016, 27). 
Git will also keep a history of all the changes made to the code, making it possible to re-
visit and reset the codebase to earlier points in the application’s history, so that it is easier 
to isolate changes that might have caused problems later in the application’s lifecycle. 
Git is used in this study for managing both the Drupal codebase and the React applica-
tion. 
6.1.2 Development in a virtualized environment using Windows Subsystem for 
Linux (WSL) 
Computers are built on hardware and software. Most computers programs are designed to 
use specific instruction sets determined by the combination of system interfaces and I/O 
provided by the hardware in the computer, that is, software and hardware need to be com-
patible with one another for a computer to function as desired (Smith & Nair 2005, 8).  
This combination of hardware and software allows programs to run in an operating system 
by utilizing the available hardware capabilities such as memory, inputs, and outputs 
(Smith & Nair 2005, 9).  
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Traditionally, programs would run directly on the computer’s hardware and operating sys-
tem, however, this came with some problems: Developing new software involves testing 
and running software that is not yet ready, meaning that it can perform poorly, have issues 
where it freezes or utilizes system resources excessively and can cause malfunction not 
only within the program itself but also affect other software running on the same hardware. 
One of the solutions created to this problem is the usage of Virtual Machines (VM): A VM 
is a virtualized computer that can run an operating system and any compatible programs 
in an isolated environment (VMware 2020). Virtual Machines allow a single set of physical 
hardware to run different operating systems and otherwise incompatible applications while 
keeping the host system clean and safe because a VM’s filesystem and applications do 
not have access to the host system’s resources directly (IBM 2019). 
Virtual Machines have been used for software development for many years, as they pro-
vide a suitable environment where developers can test and try unfinished software without 
the risk of breaking the complete system (Smith & Nair 2005, XI). Virtual Machines often 
allow the host system to take “snapshots” of the state of a VM, in other words, the host 
machine can save a VM’s state in a file that can be restored at any point in the future, al-
lowing developers to rewind their development VM to an earlier working state if the virtual-
ized environment fails or becomes unresponsive (IBM 2019). 
Virtual Machines and their advantages can also be leveraged in production environments, 
where scalability and flexibility are important. Since VMs can be contained and copied as 
files in a host system, they can also be quickly duplicated, allowing services to be de-
ployed multiple times to balance loads if the application running in the VM needs to handle 
a larger number of requests (IBM 2019). 
Lightweight virtualization 
Some of the downsides of a traditional VM is that it can never fully take advantage of the 
hardware the host machine runs on, meaning that performance is affected negatively and 
running multiple VMs in one single host can cause instability and low performance 
(VMware 2020) since the host machine needs to allocate part of its physical memory and 
processing threads to the virtualized environment. Many of the use cases for Virtual Ma-
chines include running programs in different operating systems without the need of having 
a separate physical machine with a different operating system in it, however, this comes 
with a large overhead of installing a whole operating system in a virtualized environment. 
To provide an alternative to some of these problems, different virtualization techniques 
have been developed to allow running, for example, Linux application in a Windows 
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machine, without the need of virtualizing a complete system. These applications usually 
create a virtual filesystem where Linux applications can run and have a translation layer 
between the virtualized environment and the host machine, allowing instructions from a 
Linux environment to be executed in a Windows environment (Lewis et al. 2028, 1). 
In 2017, Microsoft released the first version of Windows Subsystem for Linux, a tool for 
running Linux programs natively in Windows 10 without the need for virtualization of the 
system’s hardware (Lewis et al. 2018, 1). Additionally, Microsoft provided a list of sup-
ported Linux distributions that can be installed in the host machine with little effort, bring-
ing a functional Linux environment to the Windows ecosystem (Lewis et al. 2018, 2). 
From a software development standpoint, choosing the right operating system to develop 
applications is an important matter and sometimes even critical. In modern organizations 
where agile methods are utilized for software development, the developer not only writes 
code, but it is also accountable for testing and fixing issues, as opposed to the earlier 
methodologies where coding and testing were done by separate teams. 
In web development, most of the applications that a programmer works on are likely going 
to be running in a Linux server, making the choice for a development environment imme-
diately look for a platform that resembles the one where the final application is intended to 
be executed. Linux servers are found more frequently because they are free and faster to 
set-up in comparison to their Windows counterparts. Windows Subsystem for Linux pro-
vides a way to test and develop applications in Linux while still using Windows as a main 
operating system. 
This research utilizes WSL to develop and test all the pieces of the final solution, taking 
into account the environment that it will eventually run in and the possibilities of develop-
ing from a Windows machine, allowing for more end-to-end testing considering that in-
cludes both systems and servers in Linux environment, and front end testing in Windows, 
which is the operating system most users are likely going to be accessing the application 
with. 
6.2 Environment setup and configuration for development 
Most of the required software for the development phase can be installed and configured 
in WSL without much difference compared to a native Linux system. The requirements for 
this use case can be divided into two main sections: The part of the application containing 
the CMS and database (which in this specific case, also includes the web shop’s front 
end), and the front end for the main website. 
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The main part consists of a Drupal instance, which requires the installation of a tech stack 
known as LAMP (Drupal 2020a). LAMP stands for Linux Apache MySQL PHP: Linux is 
the operating system that contains all the rest of the components, Apache is the web-
server used to listen to HTTP requests and serve requested files over the network, 
MySQL is the relational database used to contain the application’s data, and PHP will al-
low the system to execute PHP code and integrate it with the web server, making it possi-
ble for PHP to render HTML documents served by the webserver upon HTTP requests. In 
this setup, we are using the most common technology stack to host the Drupal instance, 
even though some of the components of the stack could be replaced by similar software: 
We use Apache since Drupal automatically generates .htaccess files with correct configu-
rations, also we stick to MySQL database to avoid incompatibilities between third-party 
modules and database server (Drupal 2020a). 
The second part of the solution has a much smaller set of requirements since the main 
website is a SPA built-in JavaScript, the only requirement is to have Node installed in the 
system: Similar to PHP, Node allows the computer to execute and run programs written in 
JavaScript. Node comes with an important piece of software called npm (Node Package 
Manager) which provides tools for JavaScript development. When building in the JavaS-
cript ecosystem, it is recommended to use open source libraries and modules for desired 
features and functionalities, this way we avoid re-writing things that have already been 
done and that are maintained by someone else. Npm can download and install the de-
sired libraries in the project directories and keeps track of all the installed packages and 
their versions. One of the benefits of this is that downloaded libraries do not need to be 
committed in version control, but instead we commit only the npm generated file contain-
ing the information of the required packages and their versions, making version control 
substantially lighter. 
Npm can also execute the code in the JavaScript project using Node instances in the 
background, so the application does not need to use a separate web server for develop-
ment, instead, a Node server is spawned ad-hoc which is capable of serving the webpage 
in a browser and can also reload the page every time a file is saved in the project’s direc-
tories, making it easy to see changes quickly in the browser without having to manually 
refresh the window. 
All these components and applications can be installed in WSL without the need of in-
stalling anything extra in the host system and still being able to do all the font end testing 
in the host machine since Apache and Node servers can listen and respond to requests 
coming from the host machine. This essentially means that Drupal and the JavaScript 
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applications running in the Linux system can be displayed using a regular web browser in 
the Windows system. Moreover, the WSL integration with Windows 10 allows the devel-
oper to use Visual Studio Code running in the host machine to edit code directly in the 
WSL filesystem, making development faster and more efficient. 
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7 TECHNOLOGY CHOICES FOR WEB FRONT 
7.1 Choosing a web framework 
In modern web development, it is common to use tools and functionalities from the open-
source spectrum. One of the reasons why software development, in general, evolves 
quickly is that many functionalities have been already created and there is no need to re-
invent these when needed. Libraries and extensions are available to many programming 
languages and include features commonly found in most applications, for example, if an 
application needs to have a way to manage date data, then there can most likely be a li-
brary or module with a set of features used to do exactly that. Open-source software is not 
only available for any intended use but can also be modified and adapted to any use case 
(Deek & McHugh 2008, 1). This leads to newer developments and improvements upon 
the previous versions.  
Not only specific functionalities are found in the open-source community, but also entire 
frameworks designed to offer alternatives for the development of a specific type of soft-
ware without having to build everything from scratch. As such, single-page applications 
and other types of web applications have seen development through the years and multi-
ple open-source frameworks have been created, each having a specific set of features as 
well as disadvantages. 
In this study, we will look at two of the most popular frameworks for web development: Re-
act and Vue. 
Comparison between frameworks 
React and Vue have some similarities, especially in the way they process information and 
interact with the user interface shown on the screen. Both frameworks use what is called a 
Virtual DOM: Essentially a copy of all the elements present on the screen, together with 
metadata and other elements not visible but meant for computer programs such as search 
engines. The running engines underneath React and Vue allow the applications to change 
only the parts of the DOM that need to be updated (Vipul & Snopatki 2016, 2). Based on 
the user interactions with the application and automated actions, the application can make 
dynamic changes and thus decrease the need to reload the page multiple times (Vipul & 
Snopatki 2016, 1). Additionally, both libraries allow the application to reuse components 
across the application, reducing the need for writing extra code for similar UI elements 
(Nowak 2019). 
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Vue comes with a set of additional features designed for state management and routing, 
which React, on the other hand, does not and instead relies on the efforts of the open-
source community to address these needs (Vue.js 2020). The set of requirements for the 
website being built in this research is small enough not to require a complex state man-
agement system in the application, thus making React a better choice since it does not 
come with unnecessary features. 
Vue’s templating approach to writing user interfaces allow a developer to write JavaScript, 
HTML and CSS code all in the same file, much like in more traditional web development, 
but with each section being more separated from one another and allowing data binding 
between the HTML elements and the JavaScript code. React, as opposed, utilizes a dif-
ferent syntax called JSX (discussed further in the next section). Despite JSX having a 
slightly steeper learning curve (Nowak 2019) compared to the more native Vue approach, 
the author’s previous React background makes JSX syntax a more sensible option for this 
project, allowing for faster development. 
Finally, Vue’s integration with Typescript is not yet fully worked out (Vue.js 2020). In com-
parison, React has robust support for Typescript, making development less prone to er-
rors and faster overall (see sub-chapter 7.2). 
React was chosen as a web framework for this project, as in this case, it will allow faster 
development and potential to be easily expanded in the future. 
Usage of the React framework 
The frontend of this website is built using React, a declarative JavaScript library created 
by Facebook and maintained by both Facebook and the developer community (Hunt et al. 
2016). Since its appearance, React has been constantly extended and received several 
new features that allow React developers to take advantage of a declarative programming 
paradigm. According to Bertoli (2017, 9), a declarative programming approach uses less 
time programming specific tasks for the computer to execute, and instead, it simply asks 
for things to occur. This is possible in React because the logic behind many of its function-
alities is already defined within the code of the library, and the library offers directly import-
able modules containing functions that can be utilized by the developer (Bertoli 2017, 
49).In addition to the React library enabling declarative programming, modern JavaScript 
also contains a plethora of functions and components that help to write less code and cre-
ate features quicker than compared to previous practices. A good example of JavaScript 
enabling declarative patterns is the use of the Array.prototype.map() function to iterate 
through arrays, replacing previous patterns using manual loops for each element inside an 
array. 
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These features made React a very compelling choice for the research in this document. 
The most important factors that made this JavaScript framework a good choice for this 
use case are the following: 
• Declarative paradigm: Build features with less code, making use of the built-in for 
managing state and component updates. 
• Usage of virtual DOM: Allows the single-page application to run faster and create a 
richer user experience avoiding page reloads. 
• Re-usable components: Specific pieces of the design layout for the website utilize 
the same elements. With React, it is possible to define these pieces only once, 
and re-use these components as many times as needed (Horton & Vice 2016, 19). 
• Compatibility with third-party libraries and modules: Many functionalities do not 
have to be re-invented for this solution. Using ready modules from the JavaScript 
ecosystem saves time and makes the code more reliable overall. 
 
Understanding of the HTML syntax is essential to be able to build web user interfaces. 
The JavaScript language, however, does not have a native method for generating more 
complex HTML documents and most importantly a way to visualize the hierarchical struc-
ture of the resulting HTML document (Fedosejev & Bush 2015, 28), but instead, it can cre-
ate individual elements and manipulate existing DOM elements. 
 
To bring an alternative to this, React introduced a syntax called JavaScript Extensible 
Markup Language, most often referred to as JavaScript XML (since the XML acronym has 
been in use before) or simply JSX, which is also the file extension used for files containing 
this syntax. This syntax allows HTML code to be written inside a JavaScript file allowing 
the developer to visually examine the structure of the HTML document that gets gener-
ated when the React engine renders a page. 
 
Furthermore, React offers an extended set of features and integration with the JSX syntax 
which allows pieces of HTML code, like a container element with text and pictures inside, 
to be saved in a JavaScript variable. This variable, containing the HTML document inside, 
can then be manipulated as any other variable in JavaScript, it is possible to, for example, 
pass a variable containing HTML to a function that may or may not return the HTML de-
pending on other conditions.  
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7.2 Typescript 
JavaScript works as an interpreted language, executed by the browser’s JavaScript en-
gine that converts the JavaScript code into instructions for the computer (Nance 2014, 
21). This aspect of JavaScript makes its development lighter compared to other compiled 
languages such as C#, which needs to be compiled into an executable file to function. The 
usage of JavaScript has grown larger with time and together the need of creating larger 
applications has also grown greater, thus JavaScript’s weaknesses have also become 
clearer and have motivated developers to find solutions to these disadvantages. 
Typescript tries to solve some of these problems by adding a compilation layer to JavaS-
cript that brings type checking and better error reporting, also  
Typescript is a compiled language based on JavaScript which adds features absent in the 
JavaScript language. Unlike JavaScript, Typescript is not executed by the browser or 
Node, but it is always compiled before execution (Nance 2014, 22). Typescript allows the 
usage of static typing, classes, interfaces, generics, and modules, which native JavaScript 
does not have  
Some of the advantages of Typescript’s static typing are: 
• More concise code 
• Code editors can pre-compile code and highlight typing errors as the developer 
writes code. 
• Public and private members can be used when writing Typescript, adding some 
Object-Oriented paradigms to JavaScript that were otherwise impossible. 
 
Typescript also comes with some downsides, since Typescript project requires extra steps 
for setting up compilers, and deeper knowledge of JavaScript specifications to get the 
compiler to compile code into the desired compatibility mode. Furthermore, the compiled 
code is usually optimized for machine-readability, making it substantially harder to debug 
compiled Typescript code. 
7.2.1 Styled components 
This library adds the ability to load only the necessary CSS styles when loading a page, 
since styles are not written separately in a traditional CSS file, but instead they are ap-
pended to each React component and thus loaded only when a specific component is 
loaded (Styled Components 2020). 
37 
Another benefit of the Styled Components library is that code maintenance is also simpli-
fied, as the developer only needs to look for the desired React component declaration and 
can edit the CSS styles directly, without having to skim through large CSS files searching 
for specific classes (Styled Components 2020). 
Lastly, this library also takes care of assigning classes to HTML elements automatically, 
which means that the developer does not have to think about new names and ensure they 
are unique, to avoid applying styles to undesired elements (Styled Components 2020). 
This library is used in this application for styling specific elements and their properties 
such as colour and size. In addition, styling for larger areas and layouts are built using a 
separate CSS framework (See chapter 9.3). 
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8 CONTENT MANAGEMENT SYSTEM 
8.1 Drupal and decoupled Drupal 
Drupal is a web application whose main purpose is to allow site administrators to manage 
the content of a website dynamically, allow content to be changed and published quickly, 
and without having to edit code directly. Drupal is built following the MVC principle of sep-
aration of concerns, where there is a separate layer responsible for user interaction, logi-
cal operations, and database interactions (Abbott & Richard 2016, 4). 
Part of the solution presented in this research is a webshop developed earlier by the au-
thor using Drupal. One of the motivations behind the idea of using a SPA was to make its 
content also be editable, but without the large overhead of creating an administration tool 
from scratch. 
Considering that a Drupal instance is highly expandable and modular, it was decided to 
leverage Drupal’s content management functionalities and use them on the website’s 
main page, but without using the more outdated and unsuitable native front end. 
How to consume content from a Drupal instance with a separate React application? 
The main challenge in this scenario is to connect the Drupal instance with the separate 
React application to allow content from the Drupal database to be fetched and displayed 
in an independent application. A solution to this problem is to make use of HTTP requests 
to transfer data over the internet, from the Drupal end to the website front. This process 
will be explained in more detail through the next sub-chapter. 
The term “decoupled” comes from the idea that a Drupal-based web service does not use 
Drupal’s built-in presentation layer, but instead Drupal turns into a data management tool 
and the content itself is displayed to the end-user by a separate application. The Drupal 
instance used in this research uses a mix of both ideas, hosting a webshop and displaying 
its content using Drupal’s presentation layer, while the rest of the content corresponds to 
the main SPA used for the front page of the company. This approach allows site adminis-
trators to manage the content of both sites from a single system.  
Drupal is built on a monolithic architecture capable of controlling all parts of the applica-
tion, from the data layer to the presentation layer (Buytaert 2019). Decoupling the presen-
tation layer has some trade-offs: 
• Content preview: Drupal offers the ability to preview new pages before publishing 
them (Buytaert 2019).  
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• In-place editing: Edit blocks directly on the page when logged in.  
• Layout management: Change the order of some of the elements on the screen. 
 
Alternatively, custom modules could be built to bring some of these functionalities. It was 
decided, however, that they do not bring enough value to justify the investment of building 
such modules. 
8.2 Drupal JSON API 
Drupal is completely open-source software, which means its codebase is free and availa-
ble for anyone to use free of any costs. This also allows developers to create their mod-
ules and extensions that bring new functionalities for more specific use cases to the base 
application that otherwise would not be there. One of these modules is called JSON API. 
This module scans the content structure in Drupal and exposes a web endpoint through 
which external services can request data content from Drupal directly and get responses 
in JSON format containing different data from the elements in the content structure such 
as titles, texts, and configurations. The module implements the API following the standard 
of the JSON API specification and has been included as one of the modules that come by 
default together with the basic installation of Drupal 8. 
Security aspects of the JSON API module 
Drupal has a large set of internal built-in security features for controlling multiple parts of 
the application. In this case, the focus I set on the security considerations of exposing 
Drupal content in JSON format. 
Drupal’s internal Entity API manages content and access to its parts. Content in Drupal is 
separated into the following parts: 
• Fields: These can be any type of input that allows a system administrator or con-
tent editor to enter any type of saveable data into the system(Glaman 2016, 154). 
A field can be a text input, a date input, an image upload button, or an audio rec-
ord button. 
• Content types: These are collections of fields with a specific order. Usually, on a 
website there are separate pages containing different content in them e.g. a front-
page may contain a background image with a large title, whereas a contact page 
may contain a few smaller titles and their respective paragraphs (Glaman 2016, 
36). Content types can be used to create these distinct structures as a mould for 
constructing pages with the same content layout (Abbott & Richard 2016, 54). 
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• Nodes: When using a content type to create a new page, Drupal creates a new 
node in the database which contains the actual content saved using the content 
type (Glaman 2016, 28). Nodes also receive additional data like date of creation, 
the user who created it, and a unique URL where the saved node can be ac-
cessed. 
 
Drupal uses a modular security system, which allows the site administrators to assign ac-
cess permissions to each component in the system, including fields, content types, and 
nodes. These access permissions are given to users based on their role (Abbott & Rich-
ard 2016, 38). All interactions with Drupal are considered to come from a user, even if this 
is not necessarily logged in to the system, they are considered anonymous users and Dru-
pal has a specific security role for anonymous users (Abbott & Richard 2016, 38). 
 
An anonymous user can be a visitor to a page or a program that accesses the data like a 
screen reader or a web crawler from a search engine. When creating content types and 
nodes in Drupal, the site administrator defines whether these nodes are available to anon-
ymous users, and thus when new nodes are saved any user can access these new nodes 
(Abbott & Richard 2016, 38). Content exposed through the JSON API module follows 
these same rules: The endpoints to fetch data are opened to anyone, just like the website 
itself, but only allowed content can be retrieved from an endpoint (Drupal 2020b). 
 
JSON API not only allows content to be fetched from the Drupal’s content database but 
also includes methods for creating new resources, removing resources, updating re-
sources, and uploading files to the server’s filesystem. For this use case, it is not neces-
sary to allow any of these additional methods since we only want to consume the data and 
not modify it. For this purpose, the JSON API module can be set to read-only mode, 
where only read operations are allowed by the module (Drupal 2020b). 
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9 DEVELOPMENT OF A SINGLE PAGE APPLICATION 
9.1 Project Setup 
To start to build this application, we will be utilizing a tool called Create React App. 
Create React App is a standardized React application skeleton generator, currently main-
tained by Facebook (Also creator of the React library originally) and available to anyone 
as an open-source project. This tool essentially contains an executable set of computer 
instructions that perform the following operations: 
• Creates a directory with the given project name and inside it creates a basic folder 
structure with a public directory and a source directory 
• Creates a readme file containing instructions on how to execute the included 
scripts 
• Initializes an npm project inside the main directory containing information on the 
project and its dependencies 
• Creates a gitignore file containing the most common file and directory exclusions 
in version control. This makes it easy to initialize a new repository in the main di-
rectory and commit the project to a remote repository.  
• Creates a set of sample files that together show a basic React application in the 
browser when executed 
 
Additionally, Create React App also contains additional parameters that can be used to 
generate a project with more specific configurations, one of them is used to configure the 
project to use Typescript instead of simple JavaScript, creating a tsconfig file in the pro-
ject’s main directory with instructions for the Typescript compiler. Some of the values in 
the tsconfig file cannot be modified since they are set to be compatible with the rest of the 
Create React App configuration parameters, taking some of the flexibility away but ensur-
ing a functional application when running the built-in scripts. 
 
The resulting project after running the Create React App scripts has a functional project 
template for creating a Single Page Application with React and Typescript which is com-
patible extendable using the modules and packages found in the JavaScript ecosystem. 
Additional packages are needed for the project to get all the functionalities required for the 
SPA to work and be able to connect to the Drupal instance. 
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9.2 Enabling HTTP interactions 
JavaScript has built-in functionalities for sending HTTP requests to remote servers over 
the internet. These requests allow the application to fetch content and other data after a 
page has already been loaded, enabling the application to change its content without the 
need of reloading the whole page when navigating through the website. For this project, 
an additional JavaScript module called Axios is used to extend the native HTTP function-
alities and provide easier handling of JSON objects. The Drupal API delivers content in 
JSON format. Since JSON is built on the JavaScript language it can be quickly parsed, 
and its context utilized in rendering the webpage elements. Additionally, AXIOS provides 
built-in functionalities that parse JSON objects automatically when processing HTTP re-
sponses, taking one additional step out from the development process. 
Installing Axios is done using the npm command “install” which connects to the npm re-
pository and downloads the latest version of the module and installs it into a folder called 
“node_modules” which contains all the code corresponding to the third-party installed 
packages and modules. After the installation script is done, Axios’ functions are available 
for use in the project’s Typescript files. 
Axios requires specific parameters to connect to the right server and fetch the necessary 
data, these parameters are passed to the Axios HTTP request functions before the re-
quests are executed. This, however, can lead to code-repetition if similar requests are ex-
ecuted in different parts of the application, for example, it is necessary to pass the HTTP 
address of the target server to the Axios object and doing this multiple times in an applica-
tion can lead to mistakes in the code (misspelling the HTTP address and therefore getting 
an HTTP error inside the application) and making maintenance of the code more complex 
should the HTTP address be changed to a new one, then maintainers would need to 
change every instance of it within the codebase. 
To address this problem, Axios provides a function that creates an HTTP client instance 
with the given configuration variables and saves it to the memory of the application. This 
function can be called once in a Typescript file and then the result object can be exported 
from its original file and imported in other files across the application. This means that the 
configuration is set only once and there is no need to re-enter it once the program starts 
running. Once Axios is configured, the application can make all the necessary HTTP re-
quests for this solution. 
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9.3 Implementing the Bootstrap framework 
An important consideration when building this application was to ensure it will work in de-
vices with different screen sizes, scale correctly, and make some of its components used 
in both horizontal and vertical orientations. Depending on the complexity of the design re-
quirements there are different strategies for building responsive web applications. Consid-
ering the simplistic and clear design for CompanyX’s website, it was decided to make use 
of a CSS framework that would contain ready responsive functionalities and that could be 
integrated with the React application easily.  
Bootstrap is one of the most used CSS frameworks in web development. It makes use of 
a grid system to determine the positioning of different elements on the screen based on 
the screen viewport’s height and width by setting breakpoints. The Bootstrap framework 
can be implemented in a React application by downloading the source code and including 
it in the main JSX document. This method requires the HTML elements in the application 
to implement the framework’s classes, through which elements get the appropriate styling. 
The solution for CompanyX, however, utilizes a different approach by adding another npm 
package called React-Bootstrap: This module essentially loads the Bootstrap framework’s 
stylesheets to the project and provides ready JSX elements containing the needed class 
references already in their definition. This approach makes the application more declara-
tive and less prone to styling mistakes by using ready elements. 
9.4 Code editor 
With the previous components and dependencies installed, the next step is to start coding 
the UI elements and implementing functionalities of the website. Microsoft’s Visual Studio 
Code is used in this project as the main code editor because of its integration with WSL 
and Built-in Typescript features. Visual Studio Code is capable of being opened directly in 
the host machine while using a connection to the WSL’s filesystem and thus allowing the 
codebase to be edited with all the features of the native Visual Studio Code application. 
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10 TESTING AND FINDINGS 
10.1 Testing the web application and CMS usability 
The application needs to be thoroughly tested before it can be deployed to a production 
server and open to the public. To enable testing of all the functionalities, it is necessary to 
run the application’s full-stack in a machine that only testers can access. 
Development of the application already provides most of the tooling needed for testing as 
well, since development needs to also have a functioning application where the program-
mer can see changes and how they affect the functionalities of the application. 
The main difference between testing and development is that the application is executed 
with the exact code base intended to be deployed to production. This is to make sure that 
possible issues are found first in a safe environment and before the website is released to 
the public. 
Before testing, the following services must be started: 
• The webserver running and file permissions set to allow the CMS engine to exe-
cute code and serve requested pages 
• Database server running and CMS configuration contains the correct database 
credentials that allow the engine to access and write data. 
• Website’s file directory contains updated to the latest master branch from the GIT 
repository, to ensure the codebase contains production code 
• Npm scripts running inside the website’s main directory and exposing the applica-
tion in the set port. 
With all the services running, it is possible to open the main website in the browser by us-
ing the development machine’s set port. The website opens in the browser window using 
a predetermined web address. The application is only accessible in the development ma-
chine and not available through the internet at this point. 
The application is tested in three different web browsers: Google Chrome, Mozilla Firefox, 
and Safari. Additionally, mobile responsiveness is tested using Google Chrome’s and 
Mozilla Firefox’s small screen emulators, which display the website in a smaller viewport 
that equals to the size of different mobile devices. The main aspects of this testing are: 
• Does the website display the texts as expected? 
• Are all the elements of the website in the right place? 
• Do the elements on the screen scale correctly when emulating mobile devices? 
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• Does the time reservation embedded window work correctly? 
The administration side of the website was tested by one of the company’s employees re-
sponsible for the maintenance of the current website. He was asked to perform several 
tasks described in Appendix 2 and to give an overall impression of the CMS and its func-
tionalities.  
10.2 Test findings 
Overall, the application worked as expected and could fetch the data from the external 
CMS correctly, showing titles and paragraphs in their right places. As seen in Figure 10, 
initial benchmarking showed that the React application loaded about 17% faster com-
pared to a similar page load directly from the Drupal CMS. In this example (Figure 10) it is 
possible to see the scripting step taking more time in the React application, which tells 
about the React page being heavily JavaScript-dependent. 
 
Figure 10 Drupal page and React page loading time comparison 
Website responsiveness was tested using Google Chrome’s and Mozilla Firefox’s device 
emulators. These tools allow the application to be rendered in a smaller viewport that 
matches the dimensions of several devices such as mobile phones, tablets, and smaller 
laptops. This way, it is possible to see how the website looks like on a smartphone’s 
screen. 
The navigation bar shows its full contents only when the viewport’s width is larger than 
1000 pixels (see Figure 3). In smaller screens, the navigation bar hides its contents under 
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an animated menu that can be opened by the user, using up much less space on the 
screen. 
Some of the sections of the webpage like the one shown in Figure 4 have elements dis-
played side-by-side. These types of elements work only in screens with a horizontal orien-
tation since they take up more space sideways. Testing showed that these elements 
move from a side-by-side layout to a stacked layout when the viewport is about 770 pixels 
wide or less, accommodating better for smaller screens. Overall, the website behaved as 
expected in different screen sizes and orientations, indicating that the use of a CSS library 
for handling responsiveness led to a consistent webpage in different device sizes. 
CMS testing results 
Generally, the CMS used in for the content management was positively graded by the 
company’s representative. Most of the tasks were carried out with some guidance. Editing 
was clear and changes to the page were visible immediately in the website’s front end. 
Some concerns rose during the testing round: 
• When a user is logged in, the CMS user interface is clotted with setting and but-
tons that are unnecessary for most users. This made it harder to find the needed 
setting and places the user wanted to access. A possible solution to this would be 
to create specific roles for users so that other options and settings would be hid-
den from the user interface when logged in. 
• The website and its contents are in Finnish, but if the user wants to have admin-
istration pages in English then some element of the UI fail to use the correct trans-
lation language. After some investigation on this issue, it turned out that Drupal 
has been aware of this issue and has not been resolved yet.  
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11 CONCLUSIONS 
11.1 The current state of eBusiness and digital user interactions 
This research showed the transition of CompanyX towards positioning themselves in a 
digitalized market by looking at the context of eBusiness practices and the history of the 
company with digital services. 
The research created a better understanding of what needs to be done for a small com-
pany to find new value in the digital marketplace, by setting requirements for a digital plat-
form, using modern technologies and assessment of the requirements aligned with the 
company’s vision. 
Most importantly, this research helped to create an understanding of the implications of 
digitalization and the impact of the agile nature of digitalizes services. With this infor-
mation, the company is aware that digitalization does not happen only once, but instead is 
part of a constant process of staying relevant in the digital world that requires the creation 
of momentum for digitalized innovation and ideas. 
How to enable CompanyX to create new value within the digital market? 
By investigating the contemporary status of digital businesses and eCommerce together 
with CompanyX’s business needs and strategies, facilitating the design and implementa-
tion of a web platform that allows CompanyX to offer their products and services through 
the internet, and thus making an entry in the digital market. 
What new services does CompanyX want to offer to their customers? 
After studying the state of the company before the changes introduced by the implementa-
tion of a new web platform, and together with the company’s vision, it was possible to 
identify the following new services: 
• Ability to purchase products directly using a web service 
• Ability to make time reservations online 
• Ability to check price information, opening hours, and other company information 
using a smartphone or a tablet. 
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What type of digital solution can carry the features required by CompanyX to ena-
ble the desired digital transformation? 
The final solution is such that enables CompanyX to create content and publish it online 
without any previous knowledge of web development. The solution allows website admin-
istrators to log in, review current content, make edits and publish new content. Addition-
ally, the same system hosts the web shop’s management tools, where administrators can 
manage stocks, orders and products. The solution is used by end-users through two sep-
arate websites, a webshop and the main website. 
Which technologies are necessary to build the digital solution for CompanyX and 
what does it take to build the solution? 
After gathering requirements and analysing the business opportunities wanted to be ad-
dressed with this digital solution, the choice of the right technologies is an important step 
to ensure stability and reliability of the system. 
The chosen technologies follow common standards in web development: A web server, a 
database server, and the necessary extensions to run PHP code in the server. A Linux 
Apache MySQL PHP (LAMP) stack was used for the CMS instance, while the websites 
JavaScript environment is managed by the executable program Npm. 
11.2 Suggestions for further research 
For this specific case and company, the next step would be to measure the impact of the 
implemented digital solution in the business performance as well as in the customers’ be-
haviour. 
The nature of the business of CompanyX is highly seasoned, having sales peaks in spe-
cific times of the year. In order to get valuable metrics of the impact of a digital platform, it 
would be necessary to study customers and business numbers many times a year and 
analyse those results carefully in the context of digital business. The company could im-
plement tools such as Google Analytics, to get a better idea of how many people visit their 
website. 
This data analysis would open new insights in CompanyX’s relationship with their custom-
ers and the impact of digitalization of their service offering, setting a good start point for 
the design of a roadmap for improving the digital services and executing more effective 
marketing campaigns. 
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CompanyX has adopted a magnetic card system that allows their customers to enter their 
gym facilities outside the reception’s opening hours. The cards hold virtual balance ac-
cording to the customers' purchased product and need to be re-filled during the recep-
tion’s opening hours. 
This presents a great start point for expanding the capabilities of the web platform used by 
CompanyX. This expansion would investigate the possibility of integrating the magnetic 
card systems with their web services, giving the chance to customers to manage their 
card’s balance online, and purchase new balance as well.  
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APPENDICES 
Appendix 1. Semi-structured interview with the company’s CEO (Original interview held in 
Finnish) 
1. What are the positive and negative things about the CompanyX’s current website? 
2. What is the current business situation in CompanyX? 
3. What type of investment is the current website? 
4. What are the main things you expect from a new website for CompanyX? 
5. How often would you like to show new content on the company’s website? 
6. What are the most important features this website needs in your opinion? 
7. How much are you planning to spend on the new website? 
8. When are you planning to start using the new website? 
 
Appendix 2. CMS administration first round training with company’s representative (Origi-
nal instructions given in Finnish) 
• Log in to administration pages 
• Open the front page’s contents, edit some paragraphs and publish the new 
changes 
• Check system status from the status pages 
• Check user activity, who has logged in and out 
• Log out and review changes in the live site 
